Accessory mitral valve (AMV) is a rare cause of left ventricular outflow tract (LVOT) obstruction in childhood and is extremely rare in adults. MacLean et al. 1 first described this condition in 1963. At least 63 cases of AMV have been reported in literature. Of these, 59 patients underwent operations, and only 7 were adults. 2 In most reported cases, this anomaly was found in the first decade of life, mainly because of a heart murmur. 3 This case report demonstrates the progression of the AMV causing obstruction to the mitral valve and LVOT in a woman in her early 20s with known congenital heart disease.
left ventricle; a waist-like, nonobstructive constriction of the mid-body of the left ventricle, with most of the prominence seen arising from the posteromedial aspect of the ventricle; and elevated enddiastolic resting pressures.
The patient was reexamined at 32 months of age at our office, at which time she was found to have dramatic progression of her echocardiographic findings, consisting of increasing left ventricular hypertrophy and increasing hypercontractility. The degree of obstruction within the body of the left ventricle appeared to be much worse. For that reason, she underwent a repeat cardiac catheterization for reevaluation of her hemodynamics and to determine any beneficial acute pharmacologic effects from verapamil and Inderal. With the drifting of the left ventricular early diastolic pressures to higher levels, end-diastolic pressures late in the procedure could not be validly compared to the end-diastolic pressures earlier in the procedure. The patient was placed on oral Inderal 5 mg and verapamil 20 mg tid to attempt to blunt the hypercontractile process, as well as protect her from any significant arrhythmias that can be associated with this condition. Several months later, she underwent endomyocardial biopsy, which showed normal myocardial tissue.
The patient was followed approximately every six months and, at age five, an echocardiogram showed significant hypertrophy of the left ventricle with mid-cavity obstruction, well seen in several different views. A Holter monitor was obtained and was entirely within normal limits, and her medications were changed to verapamil 30 mg and Inderal 7.5 mg tid. The patient continued to be entirely asymptomatic. At six years of age, the Inderal was increased to 10 mg tid, and consideration was given to increase the verapamil dose as well.
Using a Toshiba 140 with a 2.5-MHz transducer, a follow-up echocardiogram confirmed the presence of multiple bands in the mid-portion of the left ventricular cavity. Wall thicknesses were entirely within normal limits. Anterior mitral leaflet moved normally, although there was suggestion of some chordal attachment to these aberrant bands in the left ventricle. Mitral valve motion appeared normal on 2D echo. Doppler inflow was entirely within normal limits, with a normal E-to-A ratio. Diastolic inflow became turbulent at the level of the aberrant bands. The left atrium was of normal dimension. Right ventricular chamber and Doppler velocities were normal. Flow in the ascending aorta was normal, with no evidence of any obstructive patterns in the great vessels or across the cardiac valves. With previously noted hypertrophy now resolved and noting absent dysrhythmias, a trial off medications was initiated.
She was seen in the clinic 13 months later and demonstrated no dizziness, syncope, diaphoresis, or shortness of breath. She was eating and growing well. EKG showed normal sinus rhythm with left atrial enlargement. A grade II/VI systolic ejection murmur was audible at the lower sternal border with a grade II/IV diastolic rumble also apparent. EKG revealed normal sinus rhythm and was within normal limits. Echocardiogram demonstrated the fibrous bands within the left ventricle, and only one papillary muscle was noted in the left ventricle. The anterior leaflet of the mitral valve appeared to prolapse into the left atrium in systole with mild mitral insufficiency. Left ventricular function was within normal limits. No restrictions were given, and follow-up was advised in 3 years or sooner if symptomatic. The patient returned 3 years later for follow-up evaluation of her left ventricular bands and mitral insufficiency. No change was noted in her cardiac status, and no restrictions were given.
The patient returned at 15 years of age for further evaluation of her left ventricular bands and mitral insufficiency. She remained active without symptoms. She was on no medications. Physical examination revealed no new findings. A grade II/ VI systolic murmur with late attenuation was heard best at the apex with radiation toward the axilla and to the lower left sternal border. A grade I/IV middiastolic rumble was also noted at the apex and lower sternal border. EKG revealed normal sinus rhythm with right atrial enlargement and borderline prolonged QT interval (QTc = 450). Echocardiogram revealed obstructive left ventricular (LV) bands crossing the mid-and apical portion of the left ventricle. Diastolic flow was seen coursing through the band, and a turbulent systolic jet directed back from the apex toward the mitral valve was noted with an estimated 25-mmHg peak gradient. No left ventricular outflow obstruction was noted. Mild to moderate tricuspid regurgitation was present, with an estimated right ventricular (RV) pressure of 36 mmHg. A parachute mitral valve with only the anterolateral papillary muscle was seen. Mitral valve inflow was laminar. A reversed E-to-A ratio was noted. Mild mitral insufficiency was noted. The left atrium measured normal for body surface area. A bicuspid aortic valve was noted with fusion of the right and left coronary cusps. No aortic insufficiency was noted. Several months later, the patient underwent a transesophageal echocardiogram (TEE) and cardiac catheterization to reevaluate her hemodynamics. TEE confirmed the abnormal muscle bands in the LV that extended off the left ventricular free wall connecting to thin, chordae-type structures that attached to the septum, with a systolic gradient of 20 mmHg and a diastolic gradient of 8 mmHg across the bands. Two systolic jets emerged across the band, with the main jet directed toward the anterior leaflet of the mitral valve. Mitral valve prolapse with mild mitral insufficiency was noted. The left atrium was dilated, and a bicuspid aortic valve with no significant transvalvular gradient or insufficiency was noted. The catheterization demonstrated right heart pressures to be within normal limits. Her left ventricular pressures were 125/2 at the apex, end-diastolic pressure (EDP) 6 mmHg. At the LVOT, pressures were 105/5, with an EDP of 16 mmHg. There was a systolic gradient of 20 mmHg from the apex to the LVOT and an end-diastolic gradient of 10 mmHg across the bands. Her ascending aortic pressures were 95/75, which meant there was a gradient of 10 mmHg across the LVOT. Left ventriculogram demonstrated a waist-like constriction in the mid-portion of the LV and also a parachute mitral valve. The LV was hypercontractile. A bicuspid aortic valve was present with no insufficiency.
The patient returned at 20 years of age for episodes of feeling her heart racing, shortness of breath, lightheadedness with visual difficulties associated with activities, easy fatigability, and recurrent supraventricular tachycardia (SVT). She had an event recorder that had not recorded any abnormal rhythms, with a maximum rate being sinus tachycardia at 160 bpm. She was started on betablocker therapy and had improvement in her palpitations but continued to tire with activity.
When she was age 21, an echocardiogram was performed on a Hewlett Packard 4500 with a 4.0-MHz phased-array transducer. She had multiple muscle bundles that crossed the ventricle and caused mid-cavitary obstruction (Fig. 1) . The mi- tral valve was somewhat abnormal in movement, appearing restricted by the mid-cavitary muscle bundles. The left ventricle was mildly dilated with good overall function and fractional shortening of 36%. The left atrium was moderately dilated and measured 4.58 cm. This was up from 3.14 cm on her last evaluation. A functional bicuspid aortic valve was again noted, and the tricuspid and pulmonary valves appeared to be normal with normal function. There was a widely patent aortic arch.
Doppler and color Doppler evaluation demonstrated significant turbulence of flow in the midleft ventricular cavity at the level of the muscle bundles, with a gradient of 62 mmHg in this region. Moderate mitral valve insufficiency had increased significantly from the mild mitral valve insufficiency that was previously seen. The velocity indicated a left ventricular pressure of 110 mmHg in the upper portion of the left ventricular cavity, which would calculate the apical portion to be approximately 170 mmHg. There was turbulence and obstruction of the mitral valve inflow with a peak velocity of 2.43 m/sec, which indicated a gradient of 26 mmHg, a mean gradient of 13 mmHg, and an area of 1.85 cm 2 . This appeared to be due to the restriction of the opening of the valve by the midcavitary muscle bundles. Mild to moderate tricuspid valve insufficiency with increased flow velocity indicated right ventricular and pulmonary systolic pressures of approximately 50 mmHg, up from 22 mmHg on her last evaluation. There was no pulmonary outflow obstruction or intracardiac shunting.
Because of the progression of the patient's symptoms and echocardiographic findings, she underwent a cardiac catheterization that showed right atrial pressures of 6, RV pressure of 47, and enddiastolic pressure of 8. Pulmonary artery (PA) pressures were 36/16, with a mean of 21. Pulmonary wedge pressure was 15. Aortic pressure was 91/53, with a mean of 66. Left ventricular pressure was 100. End-diastolic pressure was 25. Cardiac output was 6.0 with an index of 3.43. Mitral valve mean gradient was 8, with an area of 1.8 cm 2 . Aortic valve peak gradient was 10, with a mean gradient of 9 and an area of 2 cm 2 . Based on these results, surgery was recommended.
Preoperative TEE demonstrated mid-cavitary ventricular outflow tract obstruction, which ap-peared to be accessory mitral valve tissue separate from her dysplastic mitral valve. The mitral valve had chordal attachments passing through this stenotic area and restricted the opening of the valve. There was a peak gradient of 24 mmHg and a mean gradient of 12.5 mmHg, a functioning bicuspid aortic valve with no obstruction, severe mitral valve regurgitation with reversed flow in the pulmonary veins, and left ventricular outflow tract obstruction gradient reflecting 40 mmHg. Under cardiopulmonary bypass, the surgeon excised an area of accessory mitral valve tissue below the aortic valve and some muscle bundles (Fig. 2) . He also created multiple fenestrations and multiple papillotomies of the mitral valve and placed a 29-mm mitral valve anuloplasty ring. The postoperative transesophageal echocardiogram demonstrated significant improvement in overall intracardiac status. The mid-cavitary accessory tissue had been completely resected with good LV function. There was no LV outflow obstruction. There was improved opening of the mitral valve. The posterior leaflet was smaller and more restrictive in its movement. The anterior leaflet was longer and more floppy, with minimal prolapse. There appeared to be two separate papillary muscles. The left atrium was not as dilated as previously, and the mitral valve ring was noted to be in place. The LV function was good, and there was no change in the right heart features.
The Doppler and color Doppler evaluation demonstrated no obstruction of the mitral valve inflow. There was a peak gradient of 12 mmHg, with a mean of 4 mmHg. Mitral valve insufficiency significantly improved from the preoperative evaluation to a very mild central jet. There was no LV outflow tract obstruction. There was a tiny dot of central aortic valve insufficiency and moderate tricuspid valve insufficiency. Velocity indicated RV and pulmonary artery systolic pressures to be approximately 35 to 40 mmHg.
The surgical pathology report revealed that this accessory tissue revealed myocardial tissue and attached fibrous tissue, with the latter showing focal myxoid changes and thickening.
During her hospitalization, the patient underwent an electrophysiology study to rule out ventricular tachycardia (VT). No inducible VT or bypass tracts were noted; however, there was in-ducible atrial flutter, and radiofrequency ablation achieved a bidirectional block. She was maintained on Lopressor 25 mg po bid for arrhythmia control following her ablation.
The patient was discharged from the hospital and returned to our office for follow-up with the cardiologist. She stated that she had significant improvement in her energy levels and no longer experienced palpitations or feeling her heart pounding or racing in her chest. She did well in cardiac rehab and had no complaints of chest pain, syncope, cyanosis, respiratory distress, or other cardiac symptoms. She was kept on her Lopressor therapy and will continue to require bacterial endocarditis precautions. The patient was scheduled for a sixmonth follow-up in our office.
Discussion
Subaortic stenosis is another anomaly that constitutes up to 20% of all forms of left ventricular outflow obstruction in children. 4, 5 Subaortic stenosis is usually divided into four categories: discrete, tunnel, muscular, and atypical. Discrete stenosis, also labeled membranous or fibrous subaortic ste-nosis, is a circumferential ring of tissue in the left ventricular outflow tract near the aortic valve, characterized by progression and a tendency to recur after resection. The fibrous tissue can generally be seen to span the outflow tract and often arises from a muscular base on the septum. The aortic valve opening is often incomplete due to outflow jet redirection and Venturi forces, but failure of valve opening may also reflect valve adherence to the membrane. Tunnel is the name generally attached to any long-segment narrowing of the outflows. There is elongation of the intervalvular fibrosa (fibrous segment between the mitral and aortic annulus), as well as variable contributions of muscular hypertrophy and occasional fibrous extensions with the lumen. Muscular subaortic stenosis includes the obstructive form of hypertrophic cardiomyopathies. Obstruction may be present well into the body of the ventricle and depends on the anatomic location and mechanism of obstruction. Atypical subaortic stenosis is usually associated with tissue, which appears to represent accessory tissue arising from the atrioventricular valve and attaching in the subaortic outflow.
Each of the above forms of suboartic stenosis may also be seen in association with other structural defects. Subaortic stenosis is often associated with other left-sided obstructive lesions, including mitral stenosis, valvar stenosis, and coarctation. When associated with a ventricular septal defect, the stenosis may be below or above the ventricular septal defect and may be due to fibrous tissue or posterior deviation of the infundibular septum. It is frequently observed in association with atrioventricular canal defects, when it is usually related to abnormal atrioventricular valve attachments. Finally, one can observe subaortic stenosis in association with other complex congenital lesions such as truncus arteriosus, transposition of the great arteries, double outlet right ventricle, and "corrected" transposition.
Discrete subaortic stenosis is virtually never seen in the neonate. Case studies suggest that this is a self-perpetuating lesion in which the abnormal angle between the anterior ventricular septum and the aortic root gives rise to continuous turbulent flow in the LVOT, causing abnormal stress. 6 With even minor discrete obstruction, there is flow turbulence, which may lead to shear stress and produce a secondary fibrous response. The abnormal flow also places the aortic valve at risk, with a high incidence of secondary aortic valve insufficiency. The issues of hypertrophy and ventricular function are similar to valve stenosis.
Conclusion
Cardiac sonographers should keep in mind the differential diagnosis of LVOT obstruction because there might be cases when the obstruction becomes prominent over time, and with advancing digital technology, the reading physician may have difficulty in giving a diagnosis if not provided with a good history, images, and Doppler interrogation.
